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Abstract
Fourteen mono- and dichloro-8-quinolinols were tested against five fungi (Aspergillus niger, A. oryzae,
Myrothecium verrucaria, Trichoderma vi ride, and Mucor circinelloides) and compared with the fungitoxicity of 8quinolinol in Yeast Nitrogen Base containing l % D-glucose and 0.088% L-asparagine. All of the compounds were
more fungitoxic than 8-quinolinol except for the surprising activity of 8-quinolinol against A. oryzae. Mixtures
of the MICs of monochloro- and dichloro-8-quinolinols in which the halogens were in different positions of the
quinoline ring showed synergism. Comparable mixtures in which one position of each compound was occupied
by the same halogen showed additive activity. In a different study we showed that 3,5,6-, 3,5,7-, 4,5,7-, and
5,6,7-trichloro-8-quinolinols were not toxic to M. circinelloides, whereas the combinations of the correspondingly substituted mono- and dichloro-8-quinolinols as well as 3,6-dichloro- and 5,7-dichloro-8-quinolinols were
inhibitory. Thi s indicated that a steric factor can be involved in affecting fungitoxicity.
Key words: Antifungal activity, synergism, steric hindrance, monochloro-8-quinolinols, dichloro-8-quinolinols

Introduction
A definition of synergism that is generally accepted
is: the joint action of agents when employed together increases each others effectiveness [ l]. Another
aspect of synergism is that although both components can act individually to achieve the same result,
they act by different mechanisms. It was reported
that the fungitoxicity of 8-quinolinol was reversed by
small sulfur-containing molecules (cysteine, cysteamine, glutathione [reduced], N-acetylcysteine) [2] and
that of "5-iodo-8-quinolinol" was not [3- 5]. A mixture of the minimal inhibitory concentrations (MICs)
of the iodo-8-quinolinol and 8-quinolinol was found to
possess strong synergistic antifungal activity against
six fungi [6]. Mixtures of MICs of 8-quinolinol and
the 5- and 7-ftuoro analogues possessed additive activity, and their respective toxicities were reversed by
L-cysteine. Mixtures of 8-quinolinol and its 5- and 7chloro-, and bromo- and iodo-8-quinolinols showed
potentiation of fungitoxicity and were not reversed
by L-cysteine. This suggested that the hydrogen and

fluorine analogues had a common mode of fungitoxicity and the chloro, bromo, and iodo analogues had
different modes of action from each other and from
8-quinolinol and its fluoro analogues. The geometry
of 8-quinolinol as influenced by substituents in the 5and ?-positions of the molecule determines the site(s)
of fungitoxicity [7].
Since the 2-, 3-, 4-, 5-, 6-, and 7 -chloro- and
bromo-8-quinolinols became available from another
study [8] we decided to undertake studies of synergism in a more systematic manner. Based on the
presence or absence of synergism between pairs of
substituted 8-quinolinols and reversal or non-reversal
of toxicity by L-cysteine or N-acetyl-L-cysteine, the
following conclusions were reached: (1) substituents
on the quinoline ring change the site(s) of action of
the toxicant; (2) the sites of action of the 5-, 6-, and
7-chloro-8-quinolinols are different from each other
and from 8-quinolinol and its 2-, 3-, and 4-chloro analogues, and the same is true for the bromo analogues;
(3) 8-quinolinol and its 3-, and 4-chloro and bromo
derivatives appear to share a common site of action;
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(4) for good antifungal activity, the 2 position of the
ring must not be substituted by sterically bulky groups
[9].
Over the years, it was believed that pK and stability constants with copper(II) controlled the fungitoxicity of the 8-quinolinols. We found no such relationships, after a comprehensive study of the 5and 7 -substituted halo analogues of 8-quinolinol and
of 2-methyl-8-quinolinol [1 0]. A case was made for
intramolecular synergism as an explanation for the
enhanced fungitoxicity of halo-8-quinolinols. It was
known that in general, the 5,7-dichloro- and dibromo8-quinolinols were more fungitoxic than the corresponding 5- and 7-halo analogues [11]. This was
especially striking among the corresponding chloro
and bromo analogues of 2-methyl-8-quinolinols. 2Methyl-8-quinolinol possessed poor antifungal activity [ 12]. Binary mixtures of the 3- and 6-halo and 5and 7 -halo-8-quinolinols were intramolecularly synergistic. The synergistic mixtures of the monohalo8-quinolinols when admixed with MICs of the corresponding dihalo derivatives exhibited no additional
synergism. The dihalo-8-quinolinols with corresponding positional substituents to the monohalo binary
mixtures appeared to attack the same sites as the binary pairs. We concluded that the enhanced activity of
the 3,6- and 5,7-dihalo-8-quinolinols was due to intramolecular synergism. The greater fungitoxicity of
the 5-, 6-, and 7-monohalo-8-quinolinols can also be
attributed to intramolecular synergism [13].
Additional dichloro- and dibromo-8-quinolinols
were prepared and tested against the fungi [14, 15].
They were highly fungitoxic and consistent with the
activity of the previously studied dihalo-8-quinolinols.
This activity was also attributed to intramolecular
synergism. If 8-quinolinol with two halogens on the
ring improved antifungal activity, we considered the
possibility that three and four halogens might further increase fungitoxicity. A number of trichloro-,
tribromo-, tetrachloro-, and tetrabromo-8-quinolinols
were prepared and tested. The antifungal activity was
in some cases less than that due to the dihalo-8quinolinols [ 16]. Although intramolecular synergism
still played a role, steric hindrance appeared to be,
in part, responsible for the lesser activity, due to the
proximity and bulk of the halogen substituents.
The major aspect of this study was to test additional dichloro-8-quinolinols against the five fungi and
to determine if there is synergism between the dichloro
and monochloro analogues when the halogens are in
different positions from each other.

Materials and methods

Compounds
All of the test compounds are listed in Table 1. Compounds 1, 5, and 14 were purchased from Aldrich
Chemical Company, Milwaukee, Wisconsin. The remaining mono and dichloro compounds were taken
from prior studies: 2-7 [8] and 8-15 [14].

Antifungal testing
The medium employed was Yeast Nitrogen Base (Difco, Detroit, Michigan) enriched with I o/o D-glucose
(Aldrich) and 0.088% L-asparagine (Aldrich) according to published methods [6, 17, 18]. The test fungi
included Aspergillus niger (ATCC 1004), A. oryzae
(ATCC 101 I), Myrothecium verrucaria (ATCC 9095),
Trichoderma viride (ATCC 8678), Mucor circinelloides (ATCC 7941 ). MICs of the toxicants were
obtained in t-tg/mL by serial dilution of their DMSO
solutions and recalculated to a molar basis for comparison. Synergism was sought by codissolving MICs
of the toxicants in DMSO and incorporating them
into the growth medium in 10% increments from 10
to 100% of the mixtures. Growth or no growth was
recorded. All tests were done in duplicate.

Results and discussion
Table 1 contains the antifungal data of 8-quinolinol,
six monochloro-8-quinolinols, and eight dichloro-8quinolinols. These constituted 75 results of which 11
were over 100 t-tg/mL. They were recorded but not
considered further, because they are not MICs. 8Quinolinol inhibited A. oryzae below 1 t-tg/mL. This
was a surprising result, in view of the earlier observations that 8-quinolinol inhibited the fungus at J 8
ttglmL in Sabouraud Dextrose Broth and at 12 t-tg/mL
in Vitamin Free Yeast Base. In these media the 5and 7-ftuoro-, chloro-, bromo- and iodo-8-quinolinols
were more toxic to A. oryzae than 8-quinolinol [7]. A
further surprise was that in Modified Yeast Nitrogen
Base the monochloro-8-quinolinols were less inhibitory to A. oryzae than 8-quinolinol. Against the remaining fungi, 95% of the monochloro compounds were
equally or more fungitoxic than 8-quinolinol. In view
of the different MICs of each compound against the
different fungi in the different media, it appears that
there may be components in each medium that protect
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Table 1. Minimal antifungal activity of mono- and dichloro-8-quinolinols in Modified Yeast Nitrogen Basea at 28 °C in shake
culture after six days [mmoVL (/tg/mL)].
No

Compound

I

8-Quinolinolb

2

A. niger

A. oryzae

M. verrucaria

T. viride

M. circinnelloides

0.055 (8)

< 0.0069 ( < I)

0.014 (2)

0.17(24)

0.21 (30)

2-Chloro-8-quinolinol

> 0.56 (> 100)

> 0.56 (> I00)

> 0.56 (> 100)

> 0.56 (> I 00)

3
4

3-Chloro-8-quinolinol
4-Chloro-8-quinolinoJc

0.033 (6)
0.017 (3)

0.033 (6)
0.017(3)

0.017 (3)
0.011 (2)

0.066 ( 12)

> 0.56 (> 100)
0.17 (30)

0.028 (5)

0.022 (4)

5

0.011 (2)

6

5-ChJoro-8-quinotinol
6-Chloro-8-quinolinol

0.017 (3)

0.011 (2)
0.01 J (2)

< 0.0069 (< I)
< 0.0069 ( < I)

0.033 (6)
0.022 (4)

0.028 (5)
0.039 (7)

7

7 -Chloro-8-quinolinol

0.011 (2)

0.011 (2)

< 0.0069 ( < 1)

0.011 (2)

0.033 (6)

8

2,5-dichloro-8-quinolinol

> 0.47 (> 100)

>0.47 (> 100)

9

3,5-dichloro-8-quinolinol
3,6-dichloro-8-quinolinol

> 0.47 (> 100)
0.023 (5)

< 0.0047 ( < 1)

< 0.0047 ( < I)

< 0.0047 ( < l )
< 0.0047 (< I)

< 0.0047 ( < 1)
< 0.0047 ( < 1)

< 0.0047 ( < l)

0.014 (3)

>0.47 (> 100)
0.24 (50)

0.014 (3)

0.032 (7)

0.0093 (2)

0.0093 (2)

< 0.0047 ( < 1)
0.0093 (2)

0.014 (3)

0.019 (4)

10
1I

> 0.47 (> 100)
0.019 (4)

> 0.47 (> I 00)

12

3,7 -dichloro-8-quinolinol
4,5-dichJoro-8-quinol inole

13

5,6-dichJoro-8-quinolinol

< 0.0047 ( < 1)

< 0.0047 ( < 1)

< 0.0047 ( < I)

0.0093 (2)

0.023 (5)

14
15

5,7 -dichloro-8-quinolinol

0.0093 (2)
0.014 (3)

< 0.0047 ( < 1)
0.0093 (2)

0.0093 (2)
< 0.0047 (< I)

0.0093 (2)
0.019(4)

0.093 (20)
0.032 (7)

6,7-dichloro-8-quinolinol

a Medium enriched with l % 0 -glucose and 0.088% L-asparagine.
bTest levels: from 10 to 100 Jtg/mL were carried out in increments of to ttg/mL and from 1- 10 in increments of 1 JLg/mL.
cFreshly prepared samples had to be used [ 19].

the fungus against the toxicant. This was demonstrated
previously in controlled experiments [6, 7].
The data resulting from the search for synergism
between mixtures of monochloro- and dichloro-8quinolinols in the Modified Yeast Nitrogen Base are
contained in Table 2. The five fungi were exposed to
25 mixtures of compounds. Of the 125 potential results, 70 were interpretable because along with those
that did not inhibit the fungi below 100 J.tg/mL, there
were 55 pairs of compounds in which at least one component inhibited the fungus below 1 J.tg/mL. These
results were also not considered MICs, because MICs
obtained under 1 j.tg/mL were not readily reproducible. Based on the percent inhibition of the mixtures
of compounds that yielded reproducible results, all
appeared to exhibit synergism. According to the definition cited above, the molar concentration of each
component of the mixture contributed less than its
MIC.
Although the MICs obtained of 8-quinolinols that
tested under 1 J.tg/mL (Table 3) were not sufficiently
reproducible to be employed in synergism experiments, they did offer an insight as to how toxic they

were to the fungi. Of the three fungi A. niger, A.
oryzae, and M. verrucaria that were inhibited by levels
of compound below 1 J.tg/mL the most toxic results
were obtained with 3,7-dichloro- and 5,7-dichloro8-quinolinols against A. oryzae at 0.000093 J.trnol/L
(0.02 J.tg/mL).
When MICs of dihalo-8-quinolinols were mixed
with MICs of monohalo-8-quinolinols, and the halogen of the monohalo-8-quinolinol was in a corresponding position to one of the halogens in the dihalo compound, no synergism was observed. It was
concluded that both compounds attacked the same
site(s) [13]. However when all three halogen atoms
were in different positions, combinations of mono and
dihalo-8-quinolinols formed synergistic mixtures. It
can also be deduced from this work that the different
positions of the quinoline compound attack different sites of action. In a different study we showed
that 3,5,6- 3,5,7-, 4,5,7-, and 5,6,7-trichloro- as well
as 3,5,6,7 -tetrachloro-8-quinolinols were not toxic to
M. circinelloides [ 16], whereas the combination of
the correspondingly substituted mono- and dichloro-8quinolinols as welt as 3,6-dichloro- and 5,7 -dichloro-
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Table 2. Search for synergism between mixtures of monochloro- and dichloro-8-quinolinols in Yeast Nitrogen Base3 at 28 °C in shake culture
after six days
Mixtures of chlorinated 8-Quinolinols

A. niger

A. oryzae

M. verrucaria

T. viride

M. circinelloides

3,5-Dichloro + 4-Chlorob
3,5-Dichloro + 6-Chloro
3,5-Dichloro + 7-Chloro
3,6-Dichloro + 4-ChJorob
3,6-Dichloro + 5-Chloro
3,6-Dichloro + 7-Chloro
3,7-Dichloro + 4-Chlorob
3,7-Dichloro + 5-Chloro
3,7-Dichloro + 6-Chloro
4,5-Dichloro + 3-Chlorob
4,5-Dichloro + 6-Chlorob
4,5-Dichloro + 7-Chlorob
5,6-Dichloro + 3-Chloro
5,6-Dichloro + 4-Chlorob
5,6-Dichloro + 7-Chloro
5,7-Dichloro + 3-Chloro
5,7-Dichloro + 4-Chlorob
5,7-Dichloro + 6-Chloro
6,7-Dichloro + 3-Chloro
6,7-Dichloro + 4-Chlorob
6,7-Dichloro + 5-Chloro
3,5-Dichloro + 6,7-Dichloro
3,7-Dichloro + 4,5-Dichlorob
3,7-Dichloro + 5,6,-Dichloro
4,5-Dichloro + 6,7-Dichlorob

30 (0.013)C
20 (0.0080)
20 (0.0080)
NT
NT
NT
NT
NT
NT
20 (0.0084)
30 (0.0079)
30 (0.006 1)
NT
NT
NT
30 (0.013)
40 (0.011)
30 (0.0079)
30 (0.0093)
30 (0.0075)
30 (0.0075)
20 (0.0074)
NT

N-rd
NT
NT
NT
NT
NT
NT
NT
NT
40 (0.017)
30 (0.0061)
30 (0.0061)

NT
NT
NT
NT
NT
NT
NT
NT
NT
30 (0.0079)
NT
NT
NT
NT
NT
40 (0.011)
40 (0.0082)
NT
NT

40 (0.019)
40 (0.0 16)
40 (0.012)
40 (0.017)
30 (0.013)
30 (0.0075)
40 (0.017)
40 (0.019)
30(0.011)
20 (0.016)
30 (0.011)
30 (0.0075)
30 (0.023)
30 (0.011)
40 (0.0080)
20 (0.015)
40 (0.015)
40 (0.013)
20 (0.017)
40 (0.019)
30 (0.0 16)
20 (0.0076)
40 (0.0084)
20 (0.0047)
30 (0.0099)

NT
NT
NT
20 (0.052)
30 (0.080)
40 (0.011)
40 (0.022)
40 (0.024)
30 (0.021)
40 (0.080)
30 (0.017)
30 (0.016)
40 (0.077)
40 (0.018)
40 (0.022)
30 (0.079)
30 (0.035)
30 (0.039)
30 (0.061)
40 (0.022)
40 (0.024)
NT
30 (0.015)
30 (0.016)
30 (0.015)

NT
30 (0.0070)

NT

NT
NT
NT
NT
NT
40 (0.017)
30 (0.0079)
40 (0.0081)
NT
NT
NT
30 (0.0056)

NT

NT
NT
NT
NT
NT

3

Medium enriched with 1% D-glucose and 0.88% L-asparagine.
bAll solutions containing chlorine in the 4 position of 8-quinolinol must be prepared freshly [ 19].
cPercent inhibition due to mixtures containing MICs of each component causing 100% inhibition, also as mmol/L, obtained as the sum of the
MICs x percent inhibition/ 100.
dNT = not tested because at least one component of the mixture caused 100% inhibition of the fungus at < I J.Lg/rnL, the lowest level of
compound that was reproducible, or the other component was not inhibitory below 100 J.Lg/mL, the highest level tested.

Table 3. MICs of chlorinated 8-quinolinols that tested below 1 J.Lg/mL in Modified Yeast
Nitrogen Base. [mmoi/L (J.tg/mL)]a
Positions of substituents

A. niger

A. oryzae

5
6
7

3,5
3,6
3,7
5,6
5,7
6,7
8

0.0042 (0.90)
0.0037 (0.80)
0.00093 (0.20)

0.00037 (0.80)
0.00019 (0.040)
0.000093 (0.020)
0.00023 (0.050)
0.000093 (0.020)

M. verrucaria
0.00047 (0.10)
0.00038 (0.080)
0.00078 (0.060)
0.00042 (0.090)
0.00023 (0.040)
0.00019 (0.040)
0.00093 (0.20)
0.00093 (0.20)

Test levels from 0.1 to 1.0 were carried out in increments of 0.1 J.Lg/mL and from 0.010.1 in increments of 0.01 J.Lg/mL. These MICs were not sufficiently reproducible to be
used in synergism experiments but do offer an insight as to how fungitoxic they are.
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8-quinolinols were inhibitory. This indicated that a
steric factor can be involved in affecting fungitoxicity.
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